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Abstract
7KHIHDVLEOHVWXG\IRUUHWURILWWLQJ&&6WRWKHQDWXUDOJDVFRPELQHGF\FOH1*&&ZDVFDUULHGRXWE\7RVKLEDDQG&KLQD+XDGLDQ
(QJLQHHULQJ&R&+(&7KH0:%DQVKDQ1*&&SRZHUSODQWRZQHGE\&KLQD+XDGLDQ&RUSRUDWLRQ&+'LQ+DQJ]KRX
&KLQDZDVVHOHFWHGDVDPRGHOSODQW7KH&2FRQFHQWUDWLRQLQWKHIOXHJDVLVDERXWYROZKLFKLVORZHUWKDQWKDWRIFRDO
ILUHGSRZHUSODQW$PLQHVROYHQWVIRUWKH1*&&ZHUHVHOHFWHGDIWHULQYHVWLJDWLQJDYDSRUOLTXLGHTXLOLEULXP9/(LQODERUDWRU\
&2UHFRYHU\HQHUJ\IRUFDSWXULQJ&2IRUDPLQHVROYHQWVZHUHLQYHVWLJDWHGXVLQJ7RVKLED¶V0LNDZD&2FDSWXUHSLORWSODQW
ORFDWHGLQ)XNXRND-DSDQZKLFKKDVWKHDELOLW\WRFRQWUROWKHFRQFHQWUDWLRQRI&2LQOLYHIOXHJDVIURPFRDOILUHGSRZHUSODQW
EHIRUHIHHGLQJWKHIOXHJDVLQWRWKHDEVRUEHUWRZHU7KHUHFRYHU\HQHUJ\XQGHUYRO&2*-W&2ZLWKFDSWXUH
HIILFLHQF\ZDVGHWHUPLQHG IRUFDOFXODWLRQ WKH LQIOXHQFHRI WKH VWHDPH[WUDFWLRQRQ WKHRYHUDOO VWHDPF\FOH LQSRZHUSODQW  ,Q
DGGLWLRQ WKHHVWLPDWLRQRIFRQVWUXFWLRQDQGRSHUDWLRQFRVWZHUHH[HFXWHG  ,WZDVIRXQGWKDW WRWDOFRVWRI&2FDSWXUHIRU IXOO
FDSWXUHLV50%W&2DQGWKDWRISDUWLDOO\FDSWXUHFDVHLV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1. Introduction
&XUUHQWO\JUHHQKRXVHJDVVHVDUHVXVSHFWHGWREHRQHRIWKHFDXVHVRIJOREDOZDUPLQJWKHUHIRUHZLWKWKLVLQPLQG
JUHDWHIIRUWQHHGVWREHLPSOHPHQWHGWRUHGXFHWKHVHJDVVHV2QHRIWKHPDMRUVRXUFHVRIPDQPDGH&2JHQHUDWLRQ
FRPHV IURP WKH SRZHU JHQHUDWLRQ VHFWRU SDUWLFXODUO\ IRU H[DPSOH ZKHQ EXUQLQJ IRVVLO IXHOV FRPPRQO\ VHHQ LQ
WKHUPDO SRZHU SODQWV:LWK WKH IRUHFDVW RI WKH LQFUHDVLQJ HOHFWULFLW\ GHPDQG WKH XVH RI IRVVLO IXHOV ZLOO QRW EH
GHFUHDVHG,W LVZHOONQRZQWKDWWKH&2HPLVVLRQRI1*&&VLVPXFKOHVVWKDQWKHFRDOILUHGSRZHUSODQWGXHWR
KLJKHU WKHUPDO HIILFLHQF\  )RU WKLV UHDVRQ D QXPEHU RI QDWXUDO JDV FRPELQHG F\FOH 1*&& SRZHU SODQWV DUH
FRQVWUXFWHGDQGH[SHFWHGWREHDOWHUQDWLYHWRWKHFRDOILUHGSRZHUSODQW 7KHLQFUHDVHRI1*&&LQGLFDWHVWKDW WKH
1*&&ZRXOGEHSRWHQWLDORIELJ&2VRXUFHLQWKHIXWXUH
&2FDSWXUHWHFKQRORJ\LVEHOLHYHGWREHRQHRIWKHPRVWSURPLVLQJWHFKQRORJLHVWRSUHYHQW&2HPLVVLRQIURP
WKHUPDOSRZHUSODQWV7RVKLEDKDVEHHQIRFXVLQJRQGHYHORSLQJSRVWFRPEXVWLRQFDSWXUHWHFKQRORJ\VLQFHDQG
LQ6HS>@GHVLJQHGEXLOW D SLORW SODQW ZLWK WKH DELOLW\ WR FDSWXUHW&2SHUGD\ DW WKH0LNDZDFRDO ILUHG
WKHUPDO SRZHU SODQW LQ )XNXRND SUHIHFWXUH  6LQFH WKHQ ZH KDYH GHYHORSHG RXU RZQ WHFKQRORJ\ LPSURYHPHQWV
LQFOXGH VROYHQW VWDELOLW\ LQ RSHUDWLRQ &2 FDSWXUH HQHUJ\ GHJUDGDWLRQ SHUIRUPDQFH RI VROYHQW QHZ VROYHQW
VFUHHQLQJ DQG VR RQ 7RVKLED KDV GHYHORSHG DPLQH EDVHG DTXHRXV VROXWLRQ7RVKLED VROYHQW  76 WKDW FDQ
VLJQLILFDQWO\ UHGXFH &2 UHFRYHU\ HQHUJ\ FRPSDUHG ZLWK WKH FRQYHQWLRQDO VROYHQWV VXFK DV  ZW
PRQRHWKDQRODPLQH0($DTXHRXVVROXWLRQ
%RWK 7RVKLED DQG &+(& DUH FRQFHUQHG ZLWK WKH LVVXH IRU D JOREDO FOLPDWH FKDQJH DQG KDYH FRRSHUDWHG LQ
GHYHORSLQJ &2 FDSWXUH WHFKQRORJ\ XQGHU 028  1*&& HPLWV OHVV &2 GXH WR LWV KLJKHU WKHUPDO HIILFLHQF\
FRPSDUHG WR WKHFRDO ILUHGSRZHUSODQWKRZHYHU&2PLWLJDWLRQUHTXLUHPHQWZLOOEH IRUDOOVRXUFHRI IRVVLO IXHO
HPLVVLRQ ZLWKRXW H[FHSWLRQ  7KHUH DUH VHYHUDO UHVHDUFKHV IRU LQYHVWLJDWLQJ WKH LPSOHPHQWDWLRQ RI &2 FDSWXUH
V\VWHP WR 1*&& >@>@  ,Q WKLV VWXG\ ZH VHOHFW WKH 0:%DQVKDQ1*&& SRZHU SODQW RZQHG E\ &+' LQ
+DQJ]KRX &KLQD DV D PRGHO SODQW DQG H[HFXWH WKH IHDVLEOH VWXG\ IRU UHWURILWWLQJ SRVW FRPEXVWLRQ &2 FDSWXUH
V\VWHP7RFDUU\RXWWKHVWXG\WKHHQHUJ\SHQDOW\IRU&2FDSWXUHVKRXOGEHGHWHUPLQHG ,QRUGHUWRUHGXFHWKH
HQHUJ\SHQDOW\ZH WULHG WR VHOHFW WKHSURSHU DPLQH IRU1*&&FRQVLGHULQJ9/(DW ORZ&2SDUWLDO SUHVVXUH  ,Q
DGGLWLRQ WKH DFWXDO &2 UHFRYHU\ HQHUJ\ ZDV SODQQHG WR LQYHVWLJDWH H[SHULPHQWDOO\ XVLQJ WKH GLOXWHG&2
FRQFHQWUDWLRQIOXHJDVDW0LNDZDSLORWSODQW
:HVWXGLHGWKHSODQWSHUIRUPDQFHXVLQJWKH&2UHFRYHU\HQHUJ\REWDLQHGDERYHZLWKWKHIXOOFDSWXUHFDVHDQG
SDUWLDOFDSWXUHFDVH0DVVYROXPHRI&2FDSWXUHGLVW&2KIRUWKHIXOOFDSWXUHFDVHDQGLVW&2KIRUWKH
SDUWLDOFDSWXUHFDVHUHVSHFWLYHO\ 7KHSODQWRYHUDOOKHDWEDODQFHFRQVLGHULQJWKHLQIOXHQFHRIVWHDPH[WUDFWLRQIRU
&2FDSWXUHLVFDOFXODWHGDQGUHIOHFWHGWRWKHSODQWHIILFLHQF\)LQDOO\FDSLWDOFRVWDQGRSHUDWLRQFRVWDUHHVWLPDWHG
2. Experimental
2.1 Chemicals
$OO DPLQHV DUH FRPPHUFLDOO\ DYDLODEOH DQGSXUFKDVHG IURP WKH FKHPLFDO FRPSDQ\ LQ -DSDQ 7KH\ZHUHXVHG
ZLWKRXWIXUWKHUSXULILFDWLRQ

2.2 Laboratory VLE test
7R LQYHVWLJDWH WKH &2 DEVRUSWLRQ SURSHUWLHV RI DPLQH VROXWLRQV DQG WR NQRZ WKH YDSRXU OLTXLG HTXLOLEULXP
9/(ZHVHWXSWKHH[SHULPHQWDOV\VWHPLQODERUDWRU\DVVKRZQ)LJXUH,QWKLVV\VWHP&2ORDGLQJLVHVWLPDWHG
E\VXEWUDFWLRQRIRXWOHW&2FRQFHQWUDWLRQIURPLQOHW&2FRQFHQWUDWLRQ
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2.3 Mikawa CO2 capture pilot plant (Mikawa PP)
0LNDZD33LVORFDWHGEHVLGHWKH0LNDZDFRDOILUHGWKHUPDOSRZHUSODQWLQ)XNXRNDSUHIHFWXUH-DSDQZKLFKLV
RZQHG E\ 6LJPD 3RZHU $ULDNH&R/WG D VXEVLGLDU\ RI 7RVKLED  7KH SRZHU RXWSXW RI LW LV 0: DQG&2
HPLVVLRQLVDSSUR[LPDWHO\WG0LNDZD33KDVDFDSDELOLW\WRFDSWXUH&2DWWGPHDQLQJWKDWRQO\RI
WKHIOXHJDVLV LQWURGXFHGIURPWKHWKHUPDOSRZHUSODQW 7KHVWHDPIRUWKHUHERLOHULQ WKH&2FDSWXUHV\VWHPLV
H[WUDFWHGIURPWKHWKHUPDOSRZHUSODQW7KHIXQFWLRQDOVSHFLILFDWLRQLVVKRZQLQ7DEOH
7DEOH)XQFWLRQDOVSHFLILFDWLRQRI0LNDZD33
/RFDWLRQ 0LNDZDWKHUPDOSRZHUSODQW6,*0$32:(5$ULDNHLQ2PXWDFLW\)XNXRND
)XHO &RDO
)OXHJDVIORZUDWH 1PKRIWRWDOIOXHJDV
&2FRQFHQWUDWLRQLQIOXHJDV $SSUR[
&2FDSWXUHHIILFLHQF\ 
&2FDSWXUHYROXPH W&2GD\
,PSXULWLHV 62[OHVVWKDQSSP12[SSP'XVWHWF

%HFDXVHWKHFRQFHQWUDWLRQRI&2LQWKHOLYHIOXHJDVLVDQGWKDWRI1*&&LVDERXWQHZSLSLQJOLQH
IURP WKH RXWOHW RI DEVRUEHU WRZHU DQG LQVWUXPHQWV ZHUH LQVWDOOHG WR DFKLHYH WKH &2 FRQFHQWUDWLRQ EHIRUH
IHHGLQJLQWRDEVRUEHUWRZHU7KHVFKHPDWLFRISURFHVVIORZDQGDSLFWXUHRIWKH0LNDZD33DUHVKRZQLQ)LJXUH
DQGUHVSHFWLYHO\

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)LJ,OOXVWUDWLRQRIODERUDWRU\H[SHULPHQWDOV\VWHPIRU9/(
CO2
or
Air
mass flow
controller
CO2 sensor
Dimroth condenser
magnetic stirrer
water bath
heater
100ml
test tube
mass flow 
meter


)LJ6FKHPDWLFRI0LNDZD33DGRWWHGOLQHLVWKHQHZSLSLQJOLQHIRU
GLOXWLRQ
$EVRUEHU
6WULSSHU
5HERLOHU
$GGLWLRQDO
)*')OXH
JDV +HDWH[FKDQJHU
1HZSLSLQJ
OLQH

)LJ3LFWXUHRI0LNDZD33
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3. Results and Discussions
3.1 Amine screening
3.1.1 VLE measurement and evaluation
$VIRUWKHFDQGLGDWHVRIDEVRUEHQWRI&2FDSWXUHLQWKLVVWXG\IRU1*&&SODQW76DEVRUEHQWDQGZW
0($DTXHRXVVROXWLRQZHUHSUHSDUHGIRU9/(PHDVXUHPHQW)LJXUHVKRZVWKH9/(GDWDRIDEVRUEHQWV9/(
FXUYHVRI &DQG&ZHUHPHDVXUHG WRHVWLPDWH WKH&2 ORDGLQJVRI WKHDEVRUEHU WRZHUDQG WKH VWULSSHU
WRZHU EHFDXVH WKH FDSWXUHG &2 SHU XQLW DEVRUEHQW YROXPH LV VXSSRVHG WR EH GHWHUPLQHG E\ WKH ORDGLQJ JDS
EHWZHHQWKRVHRIDQG&


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











&RPSDULQJ WKH9/(FXUYHVRI &DW&2SDUWLDOSUHVVXUHN3D0($DQG$EVRUEHQWKDYHPXFKKLJKHU
ORDGLQJWKDQ767KH&2ORDGLQJRI&LVVXSSRVHGWREHDVVRFLDWHG³ULFKORDGLQJ´7KHULFKORDGLQJDWN3D
RI76$EVRUEHQWDQG0($DUHHVWLPDWHGDERXWDQG1//UHVSHFWLYHO\&RPSDULQJWKH9/(FXUYHVRI
&LWZDVIRXQGWKDW76KDVOHDVWORDGLQJDQG$EVRUEHQWKDVWKHVHFRQGOHVVORDGLQJLQWKUHHDEVRUEHQWV
7KH&2ORDGLQJRI&LVVXSSRVHGWREHDVVRFLDWHG³OHDQORDGLQJ´$VVXPLQJWKDWWKH&2SUHVVXUHLQWKH
VWULSSHU WRZHU LVN3D WKH OHDQ ORDGLQJVDUHHVWLPDWHGDERXWDQG1// UHVSHFWLYHO\ 7KHUHIRUH WKH
RUGHURIORDGLQJJDSLVDVIROORZV$EVRUEHQW76DQG0($
)LJXUHVKRZVWKHKHDWRIUHDFWLRQRIEHWZHHQ&2DQG76$EVRUEHQWDQG0($,WZDVPHDVXUHGDW&
ZLWKDFDORULPHWHU'5&(YROXWLRQ6(7$5$0,QVW,WVKRZVWKDW76KDVWKHOHDVWKHDWUHDFWLRQDQGIROORZHG
E\$EVRUEHQWDQG0($$FFRUGLQJWRWKHEDVLFSURSHUWLHVDERYH76DQG$EVRUEHQWDUHVHOHFWHGWRJRWRWKH
SLORWVFDOHWHVW

3.1.2 Performance test of TS-1and absorbent-2 at Mikawa pilot planW
:HKDGDOUHDG\UHSRUWHGWKDW76KDVJRRGHQHUJ\SHQDOW\SHUIRUPDQFHIRUYRO&2IOXHJDVZKHUHWKH
UHFRYHU\HQHUJ\LV*-W&2>@>@,QRUGHUWRHYDOXDWHWKHUHFRYHU\HQHUJ\RI76DQGDEVRUEHQWZLWKWKH
IOXHJDVKDYLQJRQO\&2FRQFHQWUDWLRQ WKHRSWLPXPRSHUDWLQJSDUDPHWHUVZDV H[SHULPHQWDOO\ LQYHVWLJDWHG
ILUVWIROORZHGE\SHUIRUPDQFHWHVW7DEOHVKRZVWKHUHVXOWVRIWKHSHUIRUPDQFHWHVW
7DEOH([SHULPHQWDOUHVXOWVRISHUIRUPDQFHWHVW
 76 DEVRUEHQW
/*  
&2FDSWXUHHIILFLHQF\  
&2UHFRYHU\HQHUJ\*-W&2  


)LJ9/(GDWDRIDEVRUEHQWVDWDQGࡈ&
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7DEOHVKRZVWKDWWKH&2UHFRYHU\HQHUJ\RIDEVRUEHQWLVEHWWHUWKDQWKDWRI76XQGHUWKHFRQGLWLRQWKDW
&2FDSWXUHHIILFLHQF\LVPRUHWKDQ,WZDVDOVRREVHUYHGWKDWWKHRSWLPXP/*RIDEVRUEHQWLVOHVVWKDQWKDW
RI767KLVSKHQRPHQRQZDVWKRXJKWWREHSURYHGE\WKHIDFWWKDWDEVRUEHQWKDVKLJKHUORDGLQJSURSHUW\WKDQ
WKDWRI76LQ)LJXUHLVWKHEUHDNGRZQRIWKH&2UHFRYHU\HQHUJ\DQGWKHFRPSDULVRQRIWKRVHRI76
DQGDEVRUEHQW,WLQGLFDWHGWKDWWKHUHFRYHU\HQHUJ\GHULYHGIURPWKHVHQVLEOHKHDWRIDEVRUEHQWLVDERXWDKDOI
RIWKDWRI76,WZDVFDXVHGE\WKHKHDWORVVDWWKHFURVVKHDWH[FKDQJHU7KHUHIRUHORZHUVROYHQWIORZYROXPH
ZKLFKLVVDPHPHDQLQJRI³ORZHU/*´ZDVVXSSRVHGWRJLYHWKHEHWWHULQIOXHQFHRQWKHKHDWORVVDWWKHFURVVKHDW
H[FKDQJHU)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQ&2UHFRYHU\HQHUJ\DQG&2FDSWXUHHIILFLHQF\*HQHUDOO\
WKHFKDQJHLQGHSHQGHQF\RQ&2FDSWXUHHIILFLHQF\LVNQRZQWRKDYHDSRVLWLYHVORSHDQGVDPHUHVXOWVDUHREWDLQHG
LQRXUH[SHULPHQW,WVKRZVWKDW&2UHFRYHU\HQHUJ\RIDEVRUEHQWLVORZHUWKDQWKDWRI76ZLWKWKHUDQJHRI
WRLQ&2FDSWXUHHIILFLHQF\$ERYHUHVXOWVXJJHVWVWKDWDEVRUEHQWLVPRUHDSSURSULDWHIRU%DQVKDQ
1*&&IHDVLEOHVWXG\
















3.2 Plant overall heat balance
:H KDYH SHUIRUPHG WKH IHDVLEOH VWXG\ IRU UHWURILWWLQJ WKH &2 FDSWXUH V\VWHP RQ WKH H[LVWLQJ 1*&& SODQW
ZKLFKLV%DQVKDQ1*&&LQ+DQJ]KRX&KLQD7KHJHQHUDOFRQGLWLRQVIRURXUIHDVLEOHVWXG\ZHUHOLVWHGLQ7DEOH
DQG&DVHLVWKHIXOOFDSWXUHDQG&DVHLVWKHSDUWLDOFDSWXUHIRUWKHXVDJHLQSDUWLFXODUIRUVHOOLQJWRWKHIRRG
FRPSDQ\,QRUGHUWRPLQLPL]HWKHHQHUJ\SHQDOW\ZHLQYHVWLJDWHWKHSODQWSHUIRUPDQFHEDVHGRQ&2FDSWXUH
HIILFLHQF\ZKHUHWKH&2FDSWXUHHQHUJ\ZDV*W&2

)LJ%UHDNGRZQDQG&RPSDULVRQRIWKH&2UHFRYHU\HQHUJ\RI76DQGDEVRUEHQW
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7DEOH*HQHUDOFRQGLWLRQRIWKHIHDVLEOHVWXG\
&RQGLWLRQV &DVH &DVH
0RGHOJDVWXUELQH 0:)FODVV
&2FDSWXUHYROXPH W&2K W&2K
&2FDSWXUHHIILFLHQF\  
)OXHJDVPDVVIORZ WK WK
)OXHJDVWHPSHUDWXUH ࡈ& ࡈ&
&2FRPSUHVVLRQ &RPSUHVVIRU(25 /LTXHI\IRUIRRG
7DEOH&RPSRVLWLRQRIIOXHJDVRI%DQVKDQ1*&&
*DVFRPSRVLWLRQ )UDFWLRQPRO
1 
2 
+2 
&2 
$U 

7KHSODQWRYHUDOOSHUIRUPDQFHRI1*&&ZLWK&2FDSWXUHV\VWHPZDVFDOFXODWHGXVLQJVLPXODWLRQVRIWZDUH*7
0$67(5E\7KHUPRIORZ,QF7KHVLPXODWHGSHUIRUPDQFHRIEDVHFDVHZLWKRXW&2FDSWXUH³,QLWLDO´FDVHDQG
FDVHZHUHOLVWHGLQ7DEOH
7DEOH6LPXODWHGUHVXOWVRIWKHSODQWSHUIRUPDQFH
,WHPV ,QLWLDO &DVH &DVH
([WUDFWHGVWHDP  ࡈ&WK ࡈ&WK
*URVVHOHFWULFLW\RXWSXWN:   
*URVVHIILFLHQF\/+9   

7DEOHVKRZVWKHYROXPHRIH[WUDFWLRQVWHDPJURVVHOHFWULFLW\RXWSXWDQGJURVVHIILFLHQF\,WZDVIRXQGWKDWWKH
JURVV HIILFLHQF\ LV GRZQHG GXH WR WKH ODUJH VWHDP H[WUDFWLRQ IURP SRZHU JHQHUDWLRQ V\VWHP WR WKH &2 FDSWXUH
V\VWHP LQ FDVH   7KH VWHDP ZDV H[WUDFWHG E\ WKH GRZQVWUHDP IURP LQWHUPHGLDWH VWHDP WXUELQH DQG ZDV WKHQ
GHVXSHUKHDWHG WR ࡈ & EHIRUH VXSSO\LQJ LQWR WKH UHERLOHU LQ WKH &2 FDSWXUH V\VWHP  $V D UHVXOWV WKH JURVV
HIILFLHQF\GURSSHG WRIURP  ,WPHDQV WKDWFDSWXULQJ&2 LQ IXOO FDSWXUH VFDOH JLYHV WKH
JUHDWLPSDFWRQWKHHOHFWULFLW\JHQHUDWLRQ2QWKHRWKHUKDQGVVOLJKWFKDQJHZDVLQGLFDWHGGXHWRWKHVPDOOVWHDP
H[WUDFWLRQ LQ FDVH   ,Q WKLV FDVH WKH VWHDPZDV H[WUDFWHG IURP LQWHUPHGLDWH SUHVVXUH VXSHUKHDWHU DQGZDV WKHQ
GHVXSHUKHDWHG IRU XVH %HVLGHV WKLV VWHDP FRQVXPSWLRQ DX[LOLDU\ SRZHU WR RSHUDWH WKH&2 FDSWXUH V\VWHP DQG
FRPSUHVVLRQV\VWHPDUHUHTXLUHG7KHUHTXLUHGHOHFWULFLW\ZHUHHVWLPDWHGDSSUR[LPDWHO\N:KDQGN:K
UHVSHFWLYHO\

3.3 Estimation of construction cost
$OOPDLQHTXLSPHQWZDVOLVWHGEDVHGRQWKHGHWDLOHGGHVLJQDQGWKHQZHUHTXHVWHGWKHTXRWDWLRQWRWKHVXSSOLHUV
LQ&KLQDEHIRUHHVWLPDWLQJFRQVWUXFWLRQFRVW7KHFRQVWUXFWLRQFRVWLVHVWLPDWHGXVLQJWKHDFFXPXODWLRQRITXRWDWLRQ
SULFHV7KHPRGLILFDWLRQDQGRUXSJUDGLQJFRVWRI+56*DQGWKHVWHDPWXUELQHWRH[WUDFWWKHVWHDPDQGWRPDLQWDLQ
WKHSHUIRUPDQFHRIVWHDPWXUELQHJHQHUDWRUV\VWHPDUHQRWLQFOXGHGLQWKLVFRVWEHFDXVHWKHVHLWHPVDUHRXWRIWKLV
IHDVLEOHVWXG\7DEOHVKRZVWKHFRVWRIFRQVWUXFWLRQIRUERWKFDVHDQG


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7DEOH&RQVWUXFWLRQFRVW
 &XUUHQF\ &2FDSWXUHV\VWHP &RPSUHVVLRQDQG
/LTXHIDFWLRQV\VWHP
(OHFWULF
HTXLSPHQW
&RQWURO
V\VWHP
2WKHUV 7RWDO
&DVH 0LOOLRQ50%      
&DVH 0LOOLRQ50%      

7DEOH  VKRZV WKDW &2 FDSWXUH V\VWHP DFFRXQWV IRUPRUH WKDQ KDOI RI WKH WRWDO FRVW LQ FDVH  +RZHYHU LW
DFFRXQWHGIRUDERXWDTXDUWHURIWKHWRWDOFRVWLQFDVH7KLVGLIIHUHQFHZDVFDXVHGWKDWFRPSUHVVLRQDQGOLTXDWLRQ
V\VWHPLQFDVHKDVWRDFKLHYHWKHIRRGJUDGH&2DQGWKHQLWLPSOHPHQWVWKHKLJKSXULILFDWLRQXQLWVLQLWVV\VWHP

3.4 Estimation of operation cost
7KHRSHUDWLQJFRVWZDVHVWLPDWHGEDVHGRQWKHFRQGLWLRQLQ7DEOH7KHQXPEHURIRSHUDWRUVRSHUDWLQJKRXUV
SHU\HDUDQGZHLJKWRIFDSWXUHG&2ZDVDOVROLVWHGLQWKHWDEOHDVDUHIHUHQFH
7DEOH8WLOLW\DQGFRQVXPDEOHVIRURSHUDWLRQFRVW
  8WLOLW\ &RQVXPDEOHV 7RWDO 2SHUDWRUV
QXPEHU
2SHUDWLQJ
KRXUV
K\
&DSWXUHG
&2
W\
 8QLW ,QGXVWULDO
ZDWHU
3XUH
ZDWHU
(OHFWULFLW\ 6WHDP 6ROYHQW &RPSUHVVLQJ
DQG
OLTXHI\LQJ
&DVH 50%W
&2
         
&DVH 50%W
&2
         
 6WHDPFRVWLQFDVHLVQRWFRQVLGHUHGLQWKLVWDEOHDVLWZLOOEHDGGHGDVDORVVRIHOHFWULFLW\IRUVDOH
 /DERXUFRVWLVQRWLQFOXGHGLQWKLVRSHUDWLRQFRVW

,WZDVIRXQGWKDWRSHUDWLRQFRVWVRIERWKFDVHVDUH50%W&2DQG50%W&2UHVSHFWLYHO\

3.5 Total cost
7KHWRWDOFRVWLVFDOFXODWHGZLWKIROORZLQJHTXDWLRQ+HUHWKHGHSUHFLDEOHSHULRGVLV\HDUVLQWKLVVWXG\

7RWDOFRVW GHSUHFLDWLRQH[SHQVHIRUIL[HGDVVHWVRSHUDWLQJFRVWORVVRIHOHFWULFLW\IRUVDOH

,QWKHFDVHRIFDVHEHFDXVH0:LVWRRODUJHWRLJQRUHWKHVDOHVRIHOHFWULFLW\LVDGGHGWRWRWDOFRVW7KHFRVW
HVWLPDWLRQRIWRWDOFRVWLVOLVWHGLQ7DEOH,WZDVIRXQGWKDWWRWDOFRVWRI&2FDSWXUHLQFDVHLV50%DQGWKDW
LQFDVHLV50%,WEHFDPHFOHDUWKDWWKHORVVRIHOHFWULFLW\IRUVDOHJLYHVDJUHDWLPSDFWRQWKH&2FDSWXUH
FRVW
7DEOH7RWDOFRVWRI&2
&RVWV 8QLW &DVH &DVH
'HSUHFLDWLRQH[SHQVH 50%W&2  
2SHUDWLRQFRVW 50%W&2  
/RVVRIHOHFWULFLW\IRUVDOH 50%W&2  
727$/ 50%W&2  

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4. Summary
7KHIHDVLEOHVWXG\IRUUHWURILWWLQJ&&6WRWKHQDWXUDOJDVFRPELQHGF\FOH1*&&ZDVFDUULHGRXWE\7RVKLEDDQG
&KLQD+XDGLDQ(QJLQHHULQJ&R&+(&,QRUGHUWRUHGXFHWKH&2UHFRYHU\HQHUJ\ZHVHOHFWHGWKHSURSHUDPLQH
ZKLFKKDVORZ&2UHFRYHU\HQHUJ\XQGHUORZ&2FRQFHQWUDWLRQYROXVLQJWKH0LNDZD&2FDSWXUHSLORW
SODQW 7KH REWDLQHG&2 UHFRYHU\ HQHUJ\ *-W&2ZLWK  FDSWXUH HIILFLHQF\ZDV XVHG IRU SODQW RYHUDOO
SHUIRUPDQFH VLPXODWLRQ  W&2K DQG W&2K VFDOH &2 FDSWXUH SODQW ZHUH GHVLJQHG DQG WKHQ WKH
FRQVWUXFWLRQFRVWZHUHHVWLPDWHG,QDGGLWLRQWKHRSHUDWLRQFRVWZDVHVWLPDWHGDQGWKHQWRWDOFRVWVZHUHGHWHUPLQHG
DV50%W&2DQG50%W&2UHVSHFWLYHO\

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